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SECTION 1: INTRODUCTION

Omaha Public Power District (OPPD) has submitted Alternate Seismic
Criteria for the Fort Call.oun Station to the NRC in December 1988, The
mpoud criteria covered piping and pipe sapports, electrical raceways,

AC and associated expansion anchor bolts. In conjunction with the
criteria, refined seismic response spectra were generated and submitted to
the NRC in February 1989,

In December 1989, OPPD received NRC's quistions and comments
reminina to the criteria document. OPPD decided to pursue further
icensing on refined spectra, piping (mainly the PVRC damping) and
HVAC, and subsequently submitted responses to NRC's questions in July
1990. The latter submittal included the response to a question related to the
generation of the refined seismic spectra , as requested by the NRC. In
August 1990, OPPD received questions on the calculations related to the
generation of the refizied seismic spectra submittal in the form of Open
Items (OI) and Requests for Additional Information (RAI) (Re¢ference 1),
The responses to the Ol and RAI are included in the present report.

There are a total of forty Ol and RAI related to the seismic spectra
generation. The response to these questions is presented in Section 2 of the
report. The NRC questions are grouped according to the corresponding
document (a tota! of XI groups). For each group of O and RAI (each group
herein referred to as "Question”), the Ol and RAI are repeated first and are
followed by response. Referetices are included in Section 3.

Page 3



SECTION 2: RESPONSE TO NRC QUESTIONS

QUESTION 1

Document.:

(1 Ol

(2) RAI

Impell Corporation, "Generation of Artificial Time
Histories," Calc. No. TH-1, Rev. 0, Job Ne. 1390-027-1355.

(a)

)

(¢)

(a)

(b)

The Standard Review Plan (SRP) (NUREG-0800)
recommends that the Power Spectral Density
function (PSD) of an artificial time history used . r

¢ single time history analysis meet a target PsD
eprctrum (NUREG/CR-3509).

The floor resvonse spectra were calculated for a
number of damyping values ranging from 1 percent
to 10 percent. To meet SRP requirements a check
must be made that the response spectra of the
artificial time history envelope the design response
spectra for all acmping values used in the response
analysis.

The SRP recommends that the stationary phase
strong motion duration of the artificial time history
should be between 6 and 15 seconds.

Provide the information that the intent of the SRP
recommendations are met.

Provide Impell's version of SIMQKE together with
its user's manual.

RESPONSE TO QUESTION 1:
(1) 0L (a) The PSD functions of the three artificial time histories (NS,

Page 4

where,

EW and vertical) are plotted in Figures 1.1 to 1.8, The PSD
function is computed as:

PSD(w) = IF(w)1 2/ (v Tp), (1)

w = frequency,
IF(w)| = Fourie: amplitude evaluated over strong motion

duration Ty, and,

Ty, = strong motion duration (equal to 8.0 seconds)
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(b)

PSD units are inz/seca.

Plotted, in Figures 1.4 thrcagh 1.6, are the average PSD
functions generated based cn £20% averaging centered
about each frequency. The average PSD functions confirm
that there is no deficiency of power present over any
frequency range.

The target PSD contained in }' TREG/CR-3509 (1%« ference
13) was developed to be comp. anle with Regulatory Guide
1.60 spectra. The Fort Calhoun USAR design ground
spectra, which wey used in the soil-structure interaction
(SSI) analyses, are not compatible to Regulatory Guide 1.60
spectra. Therefore, the PSD obtained from the Fort
Calhoun time histories ie not comparable to the PSD
recommended in NUREG/CR-8509. The art/ficial time
histories were developed according to SRP, Revision 1
recommendations (Reference 8), which do not include PSD
rovisions. All other enveloping provisions in the SRP,
vision 1, as discussed below in Ol(b), are met by an ample
margin.

Checks were made in Impell Calculation THG-1 to verify
that the responsc spectra obtained from the three artificial
time histories (NS, EW and vertical directions) envelop the
USAR ground spectra. The spectra checks were performed
for 2% and 5% damping, since the USAR design ground
spectra are available only for 0, 0.5, 2 and 5% damping. The
results from the checks are also included, in Figures 1.7 to
1.12, which show that ampie margin above the design
ound spectra exists for all directional time histories and
amping values.

In the SSE analysis, viscous damping was epecified as 4%
for the steel piles, 7% for bolted steel members, and 7% for
concrete, according to Regulatory Guide 1.61 (Reference 10).
Even though no component in the structural models has
damping less than 4%, the spectrum enveloping checks
were performed for 2% damping as well.

It is known from experience that, in general, if low
damping time history spectra envelop low damping design
spectra, high damping spectra derived from the same time
history will envelop high damping design spectra as well.
Therefore, the enveloping check with 5% damping is
sufficient for damping ratios higher than 5%.



(2) RAL
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(¢)

(a)

(b)

Based on the above, it is concluded that the time histories
are conservative for all damping values considered in these
analyses.

The stationary phase strong motion duration of each of the
three artificial time histories (NS, EW and vertical) is 8.0
seconds (Reference 4). This duration is in the range of 6 to
15 seconds, as recommended by the NRC in Reference 1.

Pertinent information are provided in the responses to Ol
(a), (b) and (¢) above.

The User's Manual of Impell's SIMQKE computer

program ig provided in this package as Attachment 1. The

;:l:urce lc<>¢le of the program is included in the User's
anual.
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Power Spectral Density - Vertical
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Power Spectral Density (Average) - EW
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Figure L5 - Average Power Spectral Ds nsity Function
Artificial Time History, EW Direction
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Artificial Time History, Vertical Direction




Comiparison of Response Spectra - 2% - NS

i

0.7

0.6 , : Time History"
I~

0.5

0.3

Acceleration (g)
()
F-S

0.2

0.1

C.1 1 10 100
Frequency (Hz)

Wigure 1.7 - Comparison of Response Spectra (Time History vs. USAR)
NS Direction, 2% Damping

Page 13



Comparison of Response Spectra - 5% - NS
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QUESTION II:

Document: Impell Corporation, User's Manual Rev. 0, Standard
Computer Program CLASSI, Version 0.0, 1986.

(1) Ol (a; It appears that only the SSIN portion of the CLASSI
computer program was used for the Fort Calhoun
Soil Structure Interaction analysis (SSI).

(2) RAI (a) Provide discussion and verification of Impell's
CLASSI version used in developing Ft. Calhoun's
seiemic criteria.

RESPONSE TO QUESTION II:

(1) Ol (a) The SSI analysis of Fort Calhoun's Reactor Building was

Page 19

performed in a two-step approach:

1. First, foundation impednnces were computed using the
computer program SASL 5],

2. Secondly, the solution of the equations of motion of the
coupled soil/str--~ture system, and computation of
response acce’ o 1 t' ae istories were performed
using the comyp. -+ an CLASSIL

This approach was reviewed and licensed by the NRC
during the Long Term Service (LTS) Program of Southern
California Edison's SONGS-1 nuclear power piant
(Reference 5).

In a conventional CLASSI analysis, the three CLASSI
modules GLAYER, CLAF and SSIN (Reference 6) are
executed sequentially in order to compute structural
response. GLAYER and CLAF are used to generate
foundation impedances. For Fort Calhoun, SASSI was
selected to generate the foundation impedances because of
SASSI's capabilities to model foundations with piles.
Therefore, the CLASSI modules GLAYER and CLAF were
not utiliced. The foundation impedances computed by
SASSI were provided as input to the CLASSI module SSIN.
SSIN solves the equations of motion of the coupled
soil/foundation/structure system in the frequency domain,
and then calculates the structure's response in the time
domain (response acceleration time histories) using an
inverse Fourier Transform technique. SSIN computes the
response at all the structure's degrees-of-freedom by



(2) RAL
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(a)

simultanecusly appiying control acceleration time histories
in three directions: NS, EW and vertical.

Impell's version of the computer program CLASSI was
reviewed and licensed by the NRC during the SONGS-1 LTS
program (References 5§ and 12). CLASSI is verified
according to Impell's Quality Assurance (QA) program,
which, for computer program verification and validation,
complies te 10CFR50 Appendix B, ANSI N45.2 and
ANSUASME NQA-1 standards.



QUESTION I1I:

Document:

(1) OlL

(2) RAI

Impell Corporation, Cale. No. AUX-01, "Model
Development of Auxiliary, Containment, and Internal
Building", Rev. 0, Job No. 1890-( 27-13855,

(a) The use of rigid links connecting the centers of
mass with the extremities on each floor in
formulating the dynamic model is not discussed
adequately.

(b) The inclusion of Ad2 terms in the generation of
model beam stiffnesses for shear walls does not
appear to be appropriate.

(a) Provide justification for the model development and
include a discussion of how the in-house program
EDSGAP was used to establish frequency and
modal participation.

RESPONSE TO QUESTION III:

(1) OL (a)

Page 21

When the structures respond in a torsional mode, the outer
edges of each floor are subjected to rotational (torsional)
acceleratione as well as horizontal translational
accelerations. Translational accelerations are induced to
the outer edges because of their eccentricity to the center-of-
mass (CM) of the corresponding floor. In a similar fashion,
when structural rocking response occurs, the outer edges of
each floor are subjected to rotational (rocking) accelerations
as well as vertical translational accelerations. Again, this
occurs because the floor edges are eccentric with respect to
the floor's CM.,

In order to capture both the rotational and translational
response at the outer floor edges, massless rigid links are
added to the structural models that are connected to the CM
and are extended 1o the four edges of each floor. Thus, the
rigid links provide the sg‘atjal geonetry necessary to model
the physical structure. The rigid links are shown in pages
19 to 36 of Calculation No. AUX-01. The rigid links enable
the computation of translational response at the outer floor
edges, because the response at the outer nodes of the rigid
links is directly computed in the SSI analysis. The
response spectra generated from the response acceleration
time histories of the outer edges of each floor are enveloped



(2) RAL
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(b)

(a)

to produce fioor response spectra to be used in the design of
components that are distant from the CM.

The lateral load carrying system of the Ft. Calhoun
Auxiliary and Internal Structures consists of reinforced
concrete shear walls. During an earthquakc, the inertial
loads are resisted by the walls through shear action.
Bending deformations of the walls due to the inertial loads
are minimal because of the large moments of inertia that
the walls possess in their longitudinal direction. The
fundamental mass participating modes of the Auxiliary
and Internal Structures are shear modes. As an example,
Figure II1.1 shows the fundamental EW mode shape of the
Auxiliary Building for elevations \:gto +1045 ft. The shear
mode is confirmed by the linear shape of the deformation
p:}tnt.%m, as opposed to a parslolic shape that bending modes
exhibit.

The Ad? terms are included only in the flexural (bending)
and torsional moments of inertia of each stick model's
beam element. Because the fundamental modes of each
structure in the horizontal directions are shear modes, the

inclusion of the Ad? terms does not have any impact on the
horizental translational response of the stick models. In

the case of torsional response, the inclusion of the Ad2
terms is reasonable because the floor slabs have high in-
plane stiffness and can adequately transfer the torsional
loads to the shear walls.

Justifications for the model development are provided in
OlI(a) and (b) above.

The Impell standard program EDSGAP is an enhanced
and quality assured (QA) version of the computer program
SAP, which is widely used in the industry. EDSGAP has
been verified and validated according to Impell's QA

rogram, which complies to 10CFR50 Appendix B, ANSI

45.2 and ANS/ASME NQA-1 standards. The usage of
EDSGAP in seismic structural analysis has been reviewed
and approved by the NRC in Southern California Edison's
SONGS-1 Long Term Service program (Reference 5). In
particular, EDSGAP was used in the seismic analysis of the
SONGS-1 Turbine Building (Reference 11).
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QUESTION IV:

Document: Impell Corperation, Cale. No. INT-01, "Intake Structure
Model", Rev. 0, Job No. 1390-027-1355.

(1) Ol (a) There is no provision for accidental torsion in the
structural model. There is no consideration of
deformation relationship betweeu vertical shear
walls and floors in formulating the stick model.

(2) RAI (a) Discuss the above Ol and provide justification for
the model used.

RESPONSE TO QUESTION IV:

(1) OL (a) aAgw:ental Torsion

Page 24

The structural model of the Intake Structure does not
contain any accidental torsion provisions because it is used
only for the purpose of generating in-structure respcnse
spectra, and not for design verifying the structure.

Walls and Floors

The lower part of the Intake Structure consists of massive
reinforced concrete shear walls spanning the structure in
both horizontal directions. The structure's top part consists
of a steel frame. More than 90% of the mass participation
comes from the shear walls. The fundamental mode of the
Intake Structure in each horizontal direction is a shear
mode, which is confirmed by the pattern of its mode shape.
Ag shown in Figure IV.1, in the EW direction, the mode
shape up to 45 ft. from the basemat i1s nearly a linear
deformation pattern, indicative of shear-type response.
Ri:'d floors do not have any impact on the response of
structures that deform in shear, because the floors only
gzovide constraint to bending deformations. Since the

nding deformations of the shear walls are negligible, the
flexibility of the floors does not affect the structure's
horizontal response.



(2) RAL: (a) Dti):cussion for the justification of the model is provided
above.
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QUESTIONV:

Document:

(1) OL

(2) RAI

Impell Corp.,"SSI Analysis and Design Spectra
Generation for Auxiliary, Internal, and Containment
Buildings", 9/26/88,

(a) Assumption of rigid mat foundation. Selection of
pile foundation impedances.

(b, Imnpact of piles on ground motion soil column
properties for best estimate (BE), upper bound (UB)
and lower bound (LB) properties effect of building on
soil properties.

(a) Specify the properties of the BE, UB, and LB soil
columns, iscuss and provide the necessary
Justification or verification for the items listed
under open issues.

RESPONSE TO QUESTION V:

(1) OL: (a)

Page 27

The foundation geometry of the Reactor Building is shown
in Page 11 of Impell Calculation AUX-08 (also shown
herein in Figure V.1). The area of the basemat that
supports the Containment and the Internal Structure is 10
ft. thick. The remaining part of the basemat, which
supports the Auxiliary Building, varies in thickness from
655 ft. to 10 ft.,, as shown in Figure V.2, In addition, &s
shown in Figure V.3, the Auxiliary Building at basemat
elevation has numerous concrete walls which contribute
significantly vo the out-of-plane stiffness of the basemat.
Furthermore, the 803 piles of the Reactor Building
contribute to the overall stiffness of the foundation system in
the out-nf-plane direction of the basemat, because the piles
are axialiy very stiff and are driven into bedrock.

Based on all of the above considerations, it is our judgement
that modeling the foundation basemat as rigid is an
appropriate representation for the purpose of generating in-
structure response spectra,

The computation of pile foundation impedances is
documented in Impell Calculation AUX-03. The
verification of the methodology used to compute the pile
foundation impedances is provided in Impell Calculation
V-1, Calculation V-1 describes in detail ‘“e extensive



(2) RAL
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(b)

(a)

verification program that was conducted in order to
incorporate pile foundations in the computer code SASSI.

UB and LB soil properties were not evaluated, only BE
properties were calculated. In order to account for
variations in soil properties .8 well as in structural
properties, the generated response spectra for all structures
were broadened by £15%. is broadening is consistent
with the SRP Revision 1 Section 3.7.2 (Reference 8), and
Regulatory Guide 1.122 (Reference 9), which state that, if no
special study is performed for parameter variations in soil-
structure interaction analysis, the peak width of response
spectra should be increasec{ by £15%.

Justification for Ol (1) and (2) are provided above.
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Figure V.3 - Reactor Building Walls at Basemat Level



QUESTION VI:

Document: Impell Corporation, Calc. No. AUX-.8I, "Design
Acceleration Response Spectra for Internal Structure
(SSE Fvent)", Rev. 0, Job No. 1890-027-1355.

(2) RAI (a) Supply missing pages 94-103 and 94-105 to 109,

RESPONSE TO QUESTION VI:

(2) RAL: (a) Pages 94 to 103 and 105 (o 1uy are provide in this package
as Attachment 2. These pages show the smoothening of
enveloped spectra ¢ .vresponding to the cinter of gravity
CG) at elevations +994 ft., 41013 ft., +1038 ., +1045 ft. and
+1056 f. of the Interna Structure.

Fage 32



Document:

(1)&(2) O & RAIL
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Impell Corporation, Cale. No. INT-04, "SSI Analysis for
Intake Structure - SSE Event', Rev. 0, Job No. 1390-027-
1355.

(a)

(b)

(c)

(d)

(e)

0

(g)

(h)

The Intake Structure consists of reinforced concrete
and bolted steel members. The FSAR Appendix F,
Table F-2 specifies 2% damping for bolted steel
assemblies; it appears that 7% damping was used
irstead in the CLASS! analysis. Provide
Justification.

The Intake structure is not embedded on the side
facing the Missouri River, its mat is 30 feet below
ground surface elsewhere. Provide justification for
the use of strain compatible soil properties
generated by SHAKE for a soil profile extending
from bedrock to ground surface.

Provide justification for not using variations in soil
properties.

The information provided does not clearly indicate
how tune 3-dimensional properties of motion were
applied in the calculations. Provide clarifications
whether a 8-dimensional simultaneous
applications of motion was used or a combination of
motions by SRSS to obtain response.

Opting for a solution in the frequency domain and
also specifying a cutoff frequency does not appear to
be compatible. Provide a justificatior.

No information is provided on the contact condition
between piles and bedrock. Provide information
how this was accounted for in the calculations.

Provide information why the potential for sliding
and overturning of the Intake Structure as a result
of seismic motion was aot considered.

Foundation impedances were calculated for 22
frequencies. In order to capture the entire response
spectrum, including peak responses, the structural
response calculations should include responses at
the natural frequencies of the structure. Discuss
the above in the light of the results obtained from
the structural response calculations.



RESPONSE TO QUESTION VII:

(1)&(2)
Ol & RAI
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(a)

(b)

(c)

(d)

(e)

Critical damping ratios used in the analytical model of the
Intake Structure for all structural members were obtained
from Regulatory Guide 1.61 (Reference 10). According to
Table 1 of Regulatory Guide 1.61, for an SSE event, damping
for bolted steel strnctures and reinforced concrete
structures is 7% of criwcal.

Because the Intake Structure consists of reinforced concrete
walls (in the iower part) and bolted steel members (in the
upper part), modal damping for all modes in CLASSI was
specified as 7%.

The soil profile used in the 8SI analysis of the Intake
Structure consists of:

(i) The bedrock (as a halfspace below elevation +934
ft.), and,

(i) Soil layers between elevation +934 f.. and +974 fL.
(bottom of Intake Structure basemat).

The properties of the soil layers between +934 fi. and +974 ft.
are identical to the properties of the layers between +934 ft.
and +974 ft. obtained from the SHAKE analysis. The soil
profiles used in the SHAKE and the SASSI/CLASSI
analyses are shown in the schematic of Figure VII.1.

Similar to the response provided for Question V, OI(b), the
generated response spectra at the Intake Structure were

roadened by £15%. The £15% broadening is consistent
with the recommendations of SRP Revision 1 Section 3.7.2
(Reference 8), and Regulatory Guide 1.122 (Reference 9) for
brogflening spectra in the absence of parameter variatiox
studies.

The control acceleration time histories in the
SASSI/CLASSI] analysis of the Intake Structure were
applied gimultaneougly in three directions: NS, EW sua
vertical. The control acceleration time histories are
statistically independent with correlation coefficient less
than £0.16.

The foundation impedances for the Intake Structvre .ic
generated at 22 discrete frequencies. These frequencies are



documented in Calculation INT-04. Because CLASSI
operates in the frequency domain, the foundation
impedances are calculated for a wuser gpecified
representative number of frequencies and are sw “equently
interpolated at 4096 fresuency points in the rage of the
frequencies considered i1 the analysis (0.5 to 30.9 Hz). It
has been shown that this method provides sccurate SSI
results (Reference 7) and has been reviewed by the NRC in
the LTS program of SONGS-1 (References 5 and 12).

The fundamental horizontal frequencies of the Intake
Styucture are 22.2 and 30.8 Hz. These modes account for
98% of the mass participation in each horizontal direction.
Impedances were explicitly calculated at 22.3 and 30.9 Hz,
in order to provide exact impedance values at the
fundamental frequencies of the Intake Structure. The
fundamental frequency of the Intake Structure in the

vertical direction is ai 47.6 Hz, which is well into the rigid
range.

The piles are driven approximately 5 ft. into bedrock, as
documented in the USAR, Section 2.0 Appendix C
(Reference 2). This condition is reflected in the SSI
modeling with the program SASSI. At the pile cap, the
piles are constrained by the basemat in six degrees-of-
freedom (three translational and three rotational).
Therefore, the top of each pile is constrained to move
together with the basemat in all directions. The tip of each
pile is located 5 fi. into the bedrock. The tip of the pile
interacts with (¢ bedrock in three translational degrees-of-

freedom. The .tational degrees-of-frredom at the tip are
free.

For the gener:tion of upgraded in-structure response
spectra, it is not nccessary to design verify the Ft. Calhoun
structures. Therefore, design verification calculations for
sli-ing and overturning were n~* performed as pert of the
gr - cra development work.

Refer to Ol(e) for the justification of the foundation
impedances and the freqmencies used ir the analysis,
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Document:

Impell Corporation, Cale. No. AUX-04, "SSI Analysis
for Auxiliary/Containment/Internal Structures (OBE
Event)", Rev. 0, Job No. 1390-027-1355.

(a) Provide the analytical basis for the "Direct floor

response spectra generation” method employed in
the Ft. Calhoun OBE analysis.

RESPONSE TO QUESTION VIII:

(2) RAIL:

(a)

Impell Calculation RAN-01 and excerpts from the
theoretical background of the Impell standard program
SPECGEN are provided in this package as Attachments 4
and 5, in order to provide additional information on the
analytic basis of the direct floor response spectra
generation. Calculation RAN-01 documents the verification
of the SASSI module RANDOM, which was used in the
direct generation of the Fort Calhoun OBE spectra. The
theoretical basis of the direct genmeration method is
described in detail in Theoretical Background Section of the

Verification File of the Impell computer program
SPECGEN (Reference 14).




Document: Impell Corporation, Cale. No. INT-05, "SSI Analysis for
Intake Structure, OBE Event", Rev. 0, Job No. 1380-027-
1355.

(a) The SRP recommends that the input motion be

applied at the top of competent material (elev. 834)
or at an outcrop.

(b) The natural frequerncies of the Intake Structure
should be included in the foundation impedance
calculation and subsequent SSI calculations.

Upper and lower bound soil properties should be
included in the SHAKE calculations.

Provide Impell's versions of SHAKE theoretical
basis and user's manual.

Provide Impell's version of RANDOM theoretical
busis and user's manual.

Provide analyses which include a, b, and ¢
conditions discussed under OI.

(1) OI: (a) The seismic control motion is applied in the free field at
elevation +974 fi., which corresponds to the level of the
focundation basemat of the Intake Structure (refer to the
schematic of Figure VII.1). This is conforming to SRP
Revision 1 Section 3.7.1.1.4 recommendations, which were

available during the duration of the alternate spectra
development work.

Refer to Question VII, Ol(e) for justification on the

foundation impedances and the frequencies used in the
analysis.

Similar to the response provided for Question V, OlI(b), the
generated response spectra at the Intake Structure were
broadened by £15%. The £15% broadening is consistent
with the recommendations of SRP Revision 1 Section 3.7.2
(Reference 8), and Regulatory Guide 1.122 (Reference 9) for

broadening spectra in the absence of parameter variation
studies.




(2) RAL: (a) The User's Manual of Impell's version of the program
SHAKE is included in this package as Attachment 6. The
i:urce lcode of the program is included in the User's

anual.

(b) The User's Manual and the theoretical basis of the SASSI
module RANDOM are provided in this package as
Attachments 4 and 5.

(¢) Justification for OI (a), (b) and (c) is provided above.
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QUESTION X:

Document:
(1) Ol
(2) RAI

Page 40

Impell Corporation, Calc. No. SOIL-1, "Development of
Soil Properties for SSI Analysis”, Rev. 0, Job No. 1390-
027-1355.

(a)

(b)

()

(d)

(e)

4y

(g)

(a)

Soil profile at the Ft. Calhoun site includes a few
layers of very soft to moderately soft sands to a depth
of approximately 60 feet overlying competent
material. Applying the ground motion at the top of
these soft layers produce unacceptable de-
amplification.

Strain-dependent shear moduli and damping
degradation data provided by Seed for sand type
materials were employed in the SHAKE analysis.
A study to verify that the materials at the site
correlate with those used for the data generated by
Seed was not performed.

The USAR states that the use of piles to support the
structures at the Fort Calhoun site were a direct
consequence of the liquefaction potential at the site.
The present analysis does not appear to address this
condition.

The SRP recommends that variations in soil
properties be included in the SSI analysis, i.e.,
upperbound and lower bound soil properties as well
as a median soil property.

The selected value of 3140 fps for the shear wave
velocity in limestone does not appear to be
corroborated by test data.

The effect of building containment to GMAX was
not discussed.

Damping results are not discussed.

Provide a justification for the apparent
discrepancies listed under the OI. In particular,
justify the use of SSI under soil liquefaction
conditions.



(1) OL: (a) The soil column SHAKE model developed to determine
strain-compatible soil properties (shear modulus and
damping) contains soil layers from elevation +994 ft. to
elevation +834 f. (top of bedrock). The control motion in the
SHAKE free-field soil analysis was applied at the level of the
foundation basemat. This is consistent with SRP, Rev. 1,
Section 3.7.2 recommendations (Reference 8). The SSI
control motion in the SASSI/CLASS! analysis is identical to
the control motion used in the SHAKE analysis. Therefore,
the control motion used in the SASSI/CLASSI analysis was
not a deamplified control motion.

As documented in Impell Calculation No. SOIL-1, the
average Seed and Idriss curve from Reference 6 was used
as the soil damping ratio variation with strain. This curve
was employed as a representative variation of the sand
material in the Fort Calhoun site to be used in the SHAKE

analysis. The selection was based on the following
considerations:

Geotechnical investigations performed at the Fort Calhoun
site as part of the preliminary design of Ft. Calhoun Unit 2
(Reference 7; also included in Calc. No. SOIL-1) show that
soil damping ratios from resonant column test data and
cyclic triaxial test data are contained in the area shown
between the dotted lines in Figure X.1. The average Seed
and Idriss curve is nearly identical to the upper bound of
these test data. Since energy dissipation due to frictional
forces between the piles and the soil, and between the
basemat and the soil are not accounted for in the SSI model,
using the upper bound soil damping data are, by
engineering judgement, more appropriate to represent
realistic energy dissipation conditions at Ft. Calhoun
during & seismic event. Furthermore, the use of the Seed
and Idriss damping curve has been shown to give excellent
results in experiment vs. analysis correlation studies of soil
response of similar sites to Fort Calhoun (refer to the
discussion in item (g) below). Therefore, the use of the Seed
and Idriss average damping curve is adequately justified
for the computation of strain-compatible soil properties.

Boil hquefacuon ie a gaowchmcal ~design consideration
involved in the priginal gite evaluation of the Ft. Calhoun
Unit 1 plant. As such, xt is addressed in the Ft. Calhoun
Unit 1 USAR (Reference 2), Section 2.0, Appendix C. The
881 analyses were performed under the assumption that




the soil will not liquefy during a postulated Safe Shutdown
Earthquake.

In order to account for variations in 0oil proper. es as well
as in structural properties, the generated response spectra
at all structures were broadened by £15%. The 215%
broadening is consistent with the SRP Revision 1 Section
3.7.2 (Reference 8), and Regulatory Guide 1.12 (Reference
9), which state that, if no special study is pe formed for
parameter variations in soil-structure interaction analysis,

the peak width of response spectra should be ‘ncreased ty
£15%.

The selected value of 3140 ft/sec for the shea' wave velocity
in limestone is representative of the averrge value of all
rock material below elevation +934 ft., anc is derived from
the geophysical data shown in Figure 4.2 of Impell
Calculation SOIL-1. To demonstrate that & higher shear
wave velocity value selected for the rock material does not
have any impact on the results, an additional SHAKE
analysis was performed. In this analysis the shear wave
velocity of the rock is arbitrarily increased to 6000 ft/sec, and
the soil response at selected depths is compared to the
original analysis results. The analysis results show that
the free-field soil response spectra with 3140 ft/sec rock and
with 6000 fi/sec rock are identical at all depths. Therefore,
the shear wave velocity of rock has no impact on the results.

The vertical gravity loads of the Reactor Building are
directly transferred to the bedrock through the piles. The
overburden pressure caused by the weight of the Reactor
Building is supported by the bedrock. Therefore, there is no

effect on the soil shear modulus caused by the weight of the
Reactor Building.

The strain-compatible soil damping ratios calculated by
SHAKE and used in the SSE analyses are tabulated in Table
5.1 of Impell Calculation No. SOIL-1. The damping ratios
vary from 3.7% in the upper layers to 8.9% in the bottom
layer, which directly overlies rock. The computed damping
ratios are reasonable and consistent with experimentally
measured damping ratios for soft soil sites subjected to
earthquake motions of megnitude similar to the Fort
Calhoun motions used in the SSI analyses.

The reasonableness of the damping ratios is adequately
demonstrated by the comparison between the
experimentally measured and analytically calculated soil
response at the Lotung site. The Large-Scale Seismic




(2) RAL
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(a)

Experiment at Lotung, Taiwan, sponsor:a by
EPRUNRC/TPC (Reference 7), provided the means to assess
the accuracy of analytical tools to predict SSI response. As
an industry investigator, Imgel participated in this
program and evaluated the SSI response of the model
containment structure using SASSI. In addition, Impell
gnlculated the free-field soil response using both SASSI and

The Lotung site is a soft soil site with sand material of
shear wave velocities very similar to the Fort Calhoun scils.
The laboratory tests result in soil material damping ratios
in the range of the Fort Calhoun material damping ratios
(Figure X.2, from Reference 7). In the Lotung SSI analyses,
Impell utilized the damping curve shown in Figure X.2,
which is very similar to the Seed and Idriss average
damping curve. The strain-compatible damping ratios
used by Impell in the SSI analysis of the May 20, 1986 and
November 14, 1986 earthquakes are tabulated in Table X.1
(Reference 7). The horizontal peak ground accelerations
(PGA) of the two Lotung earthquakes were 0.17g and 0.20 g,
respectively, which are similar to the Ft. Calhoun PGA.
The damping values used in the Lotung analysis are
tabulated in Table X.1 (from Reference 7). The results of the
correlation study between experimentally measured and
analytically calculated seismic response show a nearly
perfect match of the free-field motion at depth between
analysis and experiment. Figure X.3 shows the response of
the free-field soil (in the form of response spectra) at a depth
of 6 meters (20 ft.) and 47 meters (154 ft.), respectively.
These comparisons demonstrate the appropriateness of the
use of soil material damping curves similar t¢ the average
Seed and Idriss curve for soft soil sites.

Justifications for the issues listed under the Ol are provided
above. Soil liquefaction is discussed in Ol (¢).
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QUESTION XI:

Document: Impell Corporation, Cale. No. AUX-05, "Seismic Anchor
Movements (SAM) for Auxiliary, Internal, and
Containment Buildings", Rev. 0, Job No. 1390-027 355,

(2) RAI (a) Provide the Impell Cale. TURB-02 "Design Spectra
and SAM for Turbine Bldg. for SSE Event", Rev. 0.

RESPONSE TO QUESTION XI:

\«) RAL:  (a) Impell's Calculation No. T"JRB-02, Rev. 0 is included in
this package as Attachment 3.
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€. (KE: A PROGRAM FOR
ARTIFICIAL MOTION GENERATION

The program SIMJKE has these major capabilities: 1t computes & power
spectral density fuaction from a specified smooth response spectrum; it
generates statistically independent artificial acceleration time histories
and tries, by fteration, to match the specified response spectrum. It also
performs a base'ine correction on the generated motion to ensure zero final
ground velocity and, of course, 1t calculates response spectra with the
time histories as input.

The object herein {s to describe briefly the algorithms used in the
first two capabilities. An explanation of the input to SIMQKE and complete
flowchart (Fig. 1) are given; furthermore, an example and program listing
are appended.

BRIEF DESCRIPTION OF THE MOTION GENERATION PROCEDURE

The method used by the program for artificial motion generation is
based on the fact that any perfodic function can be expanded into a series
of sinusoidal waves:

X(t) = [ A sin(e tee) (1)
n

An 15 the amplitude and ‘n is the phase angle of the nth contributing sinu-

soid. By fixing'an array of amplitudes and generating different arrays of
prase angles, one obtains different motions with the same general appear-
ance but different details. The computer uses a random number generator
to produce strings of phase angles with uniform 1ikelihood in the range
between 0 and 2.

The amplitudes A ae related to the (one-sided) spectral density func-
tion G(w) in the following way:
Al
6y ) s o (2)

-




-

' Since the total power may be expressed 8s: '
H

[
Iyt ol gl °Ec(w)w (3)

6(w, )0 may be {nterpreted as the contribution to the totel power of the
motion from the sinusoid with frequency w,. Allowing *h2 number of sinu-
sofds in the motion to become very large, the total power will become the
ares under the continuous curve 6{w).

l! The power ¢f the motion produced by using Eq. 1 does not vary with

| time. To simulate the transient c'aracter of rea) earthquakes, the steady-
1 state motions are multiplied by a deterministic envelope function I1{t).

¥ The artificial motion Z(t) then becomes:

1

1 Z(t) = 1(t) z A sin(ut + °n) (4)

: The resulting motion is stationary in frequency content with 2 peak accel-

‘ eration close to the target peak acceleration. In this program, we have
incorporated three ditiverent {ntensity envelope functions such as "Trape-
z0idal" (Hou, 1968), “Exponertial (Liuv, 1969), and "Compound" (Jennings,
1968) functions as shown in Fiy. 2. The program artificially raises or
lowers the generated peak acceleration to match exactly the target pest

| acceleration. The response spectra corresponding to the motion (4) are

then computed. The response spectrum for one chosen damping value is caliec

the “target" response spectrum which the program will attempt to "match.”

To smoothen the calculated spectrum and to {mprove the matching, an
- iterative procedure is implemented. In each cycle of the iteration, the
) calculated response is comptred with the target at a set of control frequer-
cies (the user specifies the number of control frequencies). The ratio of
the desired response to the computed response is obtained at each control
frequency and the corresponding value of the power spectral density is modi-
fied in proportion to the square of this ratio, 1.e., at any cycle 1:

e I O DR s e



6(w) gy * 6lw)y s" (5)

v(w)
where S 1s the target spectral value. With the modified spectral density
function a new motion is generated and a new response spectrum is calculated.
The procedure should not be expected to be convergent at all control fregquen-
cies; the response at a control frequency is dependent not only on the spec-
tral density function value for that frequency, but alsc on other values at
frequencies close to the frequency of interest as well, Usually, it 1s not
productive to iterate for more than about & cycles. If an adequate level of
agreement cannot be reached, the user is advised to "start fresh" by generat-
ing an entirely new motion (with a new set of random phase angles). For
more elaborate explanation of some featur.: of the program, the reader is
referred to Gasparini and Vanmarcke (1976).'

s(“)) ]‘

Gasparini, D. and Vanmarcke, E.H., "Simslated Earthquake Motions Compatible
with Prescribed Response Spectra,” M,1.T, Department of Civil Engineering
Research Report R76-4, Order No. 527, January 1976.
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USER'S HARUAL

SIMQKE INPUT

The program SIMQKE can generally be used in three mocss ¢~ eptions,
In a11 options the primary output is an scc2leration time-history, but ir
OPTION 1 the primary fnput 15 a target response spectrum; in CFTION 2 tne
gpectral density function s directly specified; and OPTION 3 allows the
user to re-1nput & previousiy eenerated power spectral densit: function
and to rpecify desired chenges in thot function.

OPTIOW 1 - INPUT DATA
CARD 1 - FORMAT (20A4) TITLE CARD
CARD 2 - FORMAT (8G10.0)
TS : smallest period (seconds) of desired response spectrum
TL : largest perfod (seconds) of desired resnzuse spertrum
: smallest period used to determine the range of frequenties to
be represented in the simulation. Generally 1t is equal to TS,
: largest period used to determine the range of frequencies to ‘e
represented 1n the simulation., Generally 1t 1s equal to TL.
an estimated smallest velocity response spectral value (in/sec).
It 18 mainly used to determing the minimum ordinite on 2 plot
of the spactrum,
: an estimated largest velocity response spectral .alue (inse2:).
It s used mainly ¢o determine the maximum ordinaie on a pl..
of the r@sponse.
CARD 3 - FORMAT (15,6F10.4,15)
ICASE : If ICASE=1, mo intensity envelope is used.
2, trapezoidal intensity envelope 1s us:d.
3, e2xponential intensity envelope 1s used.
4, compourd intensity envelope is used.
earthquake rise time (sec) of intengity enveiope (when ICASEs
1,3; TRISE=0).
earthquake level time (sec) of intensity envelope (when I1CASEe
1,3; TLVLeD).




——

Siaiaandats

-~ - 'a - & e B

DUR

AO :

: desired duration of accelerogram

ALFAD :

BETAD
1PON

perameter of exponential function (equals zero when I1CASE=3)
parameter of intensity function (specifies when 1CASE=3,4)
parameter of intensity function (specifies when 1CASEe3),
parameter of compound intensity function (specifies when 1CASE
od),

CARD 4 - FORMAT (2F10.4, 110, BI%5)
: discretization interva) (sec), standard input 1s C.01 second.

DELT :
AGMX
11X

NDAMP :

NCYCLE

NPA :

NKK

NRES :

NGWK
IPCH :

¢ desired maximum ground acceleration in “g's".
: an arbitrary odd integer which acts as 8 seed for the randor

phase angie generator.
number of damping values for which S'(w) is desired.

: number of cycles to smoothen & response spectrum. If NCYCLE=),

no cycling 1s made.

number of artificial earthquakes desired from onc target re-
sponse spectrum (with one spectra) density function).

total number of perfods at equal intervals on a logarithmic
scale. 0 < NKK < 300 (generally NKK is on the order of 200
and 300).

total number of points which describe the target response spec-
trum,

set NGWK=0 for OPTION 1

1f IPCH=0, no punched output is obtained.

1f IPCH=1, punched output 1s obtained.

CARD § - FORMAT (8G10.0)
AMOR(1): damping coetficients in decimal parts of critical damping. The

first damping entered will be the one for which cycling, if
desired, will be done.

CARD 6 to CARD (5¢NRES) - FORMAT (2F10.4) - Target response spectrum

NOTE

TSv(1) svo(1)

TSV(NRES)  SVO(NRES)

: TSV(1) smallest period (sec).

TSV(NRES) largest period (sec).
svo(1) target pseudo-velocity value in in/sec.
SVO(NRES) target pseudo-velocity value in in/sec.
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. OPTION 2 - (Earthquake 1s specified in terms of power spéctral densit )

CARD 1 - Same as 1n OPTION 1
CARD 2 - Same as in OPTION 1

CARD 3 - Same as in OPTION )
CARD 4 - FORMAT (2F10.4, 110,815)
DELT : same as in OPTION 1
AGMX : same as 1n OPTION
1IX : same as in OPTION 1
NDAMP : same as 1n OPTION 1
NCYCLE : same as in OPTION 1
NPA : same as in OPTION 1
NKK : same as in OPTION 1
NRES : set NRES=0 for OPTION 2
NGWK : number of points that describe the power spectral density

function

IPCH : same as in OPTION 1

" CARD § - Same as in OPTION 1
CARD 6 to CARD (5 + NGWK): = FORMAT (2F10.4) - Input power spectra)

density function.
o) GWKO(1)
WO (NGNK) GWKO (NGWK)

NOTE: W 0 (1) smallest frequency in rad/sec.
W O(NGWK) largest frequency in rad/sec.
GwKo(1) power spectral density.
GWKO(NGWK) power spectral density,

OPTION 3 - (Input of a oreviousiy generaied power spectral density funce
tion and desired changes).

CARD 1 - Same as in OPTION 1
CARD 2 - Same as 1n OPTION 1
CARD 3 - Same as in OPTION 1
CARD 4 - FORMAT (2F10.4, 110,815)
. DELT : same as in OPTION 1
AGMX : same as in OPTION )

e




1iX

NDAMP
“CYCLE
NPA
NKK -

NRES :
NGWK :
IPCH :

«10-
same as in OPTION )

: same as in OPTION )
: same &5 in OPTION )

same as in OPTION )

‘s the negative number of periods for which the prses grepsmm
is provided (e.g., - 300).

set NRES=D for OPTION 3

set NGWK = -1 for OPTION 3

same as in OPTION )

CARD 5 - Same as in OPTION 1

CARDS
FORMAT :
CARD
N2
N3
CARD

Previously punched output of power spectral density functicr
values and corresponding periods at NKK points,

Periods TQ(1): (10F8.4) (Smi''est Period First)
Power spectral density values L.%(1) : (6F13.3)
FORMAT (2110)

: N2 = 1 denotes that some portions of the GWK array are to te

modified,
N2=0 denotes that no such modifications are desired.

: denotes the number of portions ¢f the GWK array which are to

be modified.

FORMAT (2F10.4) - 4f individual values of GWK must be changed,
the following cards contain first the period and then the
corresponding new value of GWK. These local changes are ter-
minated by & card with 99. in the first field. If no loce)
changes are desired, only the 89, card is entered.

Assuming no local changes, the following card will be:

CARD

Q!
TQ2
RATIO :

FORMAT (BG10.4) - the following cards are read only if
N2=) and N3 > 0.

beginning period (sec).
ending period (sec).

r::i: by which GWK values from period TQ1 to TQ2 will be multi-
plied.



Leration = 20 sec.

Sample Data

Maximum Ground Acce'eration - 1.0g
Intensity Envelope Function being used - Trapezoida) (As Figp. 3).
Target Response Spectrum - A design response spectrum for § + 0.02 as shoun

in TABLE 1.
1t}
r.l.cvohni Time = 13 uc.j’
1.0 |
|
i :
' |
|
| |
| |
| 1 - t
TRISE=2 TLVL=1S DUR=20
Figure 3
TSV (sec) SV0 (in/sec)
0.0143 1.0
" 0.0263 1.9
0.1064 22.0
0.2444 75.0
1333 95.0
5.0 60.0
Teadble !
Input Data:
CARD 1 : T! E

CARD 2 : TS = 0.02 sec.
TL = 3.0 sec.

- ——
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012.

TMINT = 0.02 sec.
TH) = 3.0 sec.
YMIN = 0.1 in/sec.
YMAX = 500.0 1n/sec.

CARD 3 : 1.ASE » 2 (Using Trapezoida! Intensity Function)
TRISE = 2.0 sec.
TLVL = 15,0 sec.
DUR = 20.0 sec.
AO = 0.0
ALFAD = 0.0
BETAD = 0.0
1PON = 0
CARD 4 : DELY = 0.0) secc.
AGMY = 1,06
11X = 1235
NDAMP + 3 (for 0.02, 0.05, 0.1)
NCYCLE = 2
NPA =
NKK = 200
NRES = 6
NGWE = 0
IPCH = 0

CARD &: AMOR(1) = 0,02, AMOR(2) = 0.05, AMOR(3) = 0.1, which are
the damping value. Note thet the first one 1s the target

damping.
CARD 6 = CARD 11, es in TABLE 1.

Output Date:
The calculated spectral density function 1s shown on Fig. 4,
The response spectra are shown on Figs. 5,6 and 7, for dam;-
ing ratios of 0.02, 0.05, and 0.10, respectively, Furthermore,
the target response spectrum for damping 0.02 1s shown on each
plot.
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vy SSHIm=SHENG LAI'oCLASSsCREGIONS200K

7eSR: wEEXLY

soMAIN TIME=]OsLINESS)O

77 EXEC FORCLGSLIRRARY='SYSS, SCe020,80ERY
'.-zc.svsm 0D o

C

COOOOODOOOOOODDNONODDOOODOOHODOOOO O AN

SIMOKE « A PROGRAM FOR FARTHQUAKE SI“ULATICLN
INPUT PARAMETERS RFQUIRED

IxeehA STARTER FOR THE RANDOM NUMRER GENERATOR«IT musT BE 000
NPA===NUMBER OF DIFFERENT MOTIONS REQUIRED

ICASE==~=%] FOR SYATIONARY CASE

TL = THE LARGESY PERIOD VALVE FOR RESPONSE CALCULATINNS

TS « THE SMALLEST vaLut

THINGTHAX===0PTIONAL MINIMUM AND MAXIMUM PERIODS TO NETERWINE FREQUENCY

CONTENT OF THWE MOTION, DEFAVLT USES TS AND TL

NCYCLE==«THE WUMBER OF ITERATIONS TO BE PERFORVED 1S ONI LESE
THAN THIS NUMBERe«]F NCYCLE ® 1o NO ITERATION IS maDF

Ot.T == TIME INTERVAL USED SETWEFN POINTS

NDAMPeoeoKUMBER OF DIFFERENT DAMPINGS TO oL CONSIDEREN
AMOR===ARRAY CONTAINING THE DAMPING VALVES

TRISE ==« RISF TIME

TLVL === INTERVAL AT THE WMIOGHEST amMPLITJVE

NGWK == DEFINES TYPE OF SPECTRAL DENSITY FUNCTION USFD

IF NGWK = 0 o THE PROGRAM GENERATES 1TSS OwN POWER SPFCTRUM,

IF NOWK 1S NOT = Oy THEN A PIECEWISE LINEAR POWER SPFCTR(M

WiLL BE PROVIDED AY USER AND NGwx = NUMBER OF POINTS THAT DE” INE IT,
IF NGWK 1S NEGATIVE. THEN OGWX WILL BE READ ALONG WITW PERIOD: FOR
RESPONSE CALCULATIONS

ABS INKK) = NUMBER OF POINTS FOR QESPONSE CALCULATIONS,

IF NKK IS POSITIVE. THE PROOGRAM wiLL GENERATE A STRING OF POINTS
ON & LOGARITHMWIC SCALE FROM TS TN T,

IF NKK 1S NEGATIVEe THE USER PROVIDES A LIST OF POINTS,

{TSVeSVO) « POINTS wHICH DEFINE DESIRED VELOCITY RESPONSE SPFLTRUM
NRES==«NUMBER OF POINTS wWICi DEFINE DESIRED RESPONSF SPECTRM

IF NRES = 0o NO DATA NEED BE GIVENI(NO CYCLING ONLY),

(WOGWKO) « POINTS THAT NEFINE POWER SPECTRUM [IF NGux S NOT = 0,
TQ==<OPTIONAL ARRAY OF PFRIJVD VALUES FOR RSPONSE CALCULATIONS,
AGMK === MAX GROUND ACC INPUT UNIT IN &

DUR === DURATION

UNITS  SECONNS ¢ INCHES===UNLESS SPECIFIED OTHERW]ISE

DIMENSION TQ1(1S0)

ODIMENSION YTITL(9)TITLO(®)

DIMENSION TIT(O) oTIMIO) o TIMK(G) o TIMY (D) oTIX(D) oTITRID) $TITY (D)

DIMENSION ACCG(A0O0)) +wWB(I00) ¢GWK(I00) o TIME(3001)+FRO(I00)
T0(300) +PLYVMX (100300) ¢ AMOR(JO)eTITLE(20) ¢ IRUFI2000)
FOU1S00) «GWA(1500) ¢PALLSO0) vOWI(1S00) eTMN(104300)
WO (IN0) «OWKO(I00) oSVI(I00) o TSVI(I010)eSVO(1010)eST(300)
+ANEWGK (300)

DIMENSION PERCEN(IN0)

COUIVALENCE(TIME (1) oFQ (1)) o (TIME(LISOL) oOWI(1)) o (GWALL) 4PLTYMX(]))

DAYTA TIX/?® ‘e Vo tRESPILIONSE s" SPEY W ICTRUI 'M 1, 'y

o WN >

$ v/

DATA TIwm/e ot Vo tACCEY W' LERDY o "ORAMY 4 ¢ tet ' N
% v/

DATA BLANK/? L4

DATA TIT/Z'QESP oo 'ONSE ot SPEV'CTRUY '™ DI 'AMP] 1 'NG &0 0 1ot
3 '

DAYA TITX/ et NA''TURAY 'L PE'+'RIOD Yot (SECYo'ONDS Y

e —




|

y b -

~18-
) '/

CeYA YYIILZY Vo'Wt = AL L LAAR AL 14 IARRIS LA ANR D
JA TITLO/Z¢SPEC ot T AL 0! DEN'tSITY ot FUN''CTI0 e'N
| Th ‘7

Cata TiTY/ ' P PMAK] P tMUM o tVELD o tCTITY 0t
$¢) ‘/

DATA TImx/oe o CotTIME gt (SEYe'CONDItS) 04!
$ ‘/

DATA TIMY/Z» CoVACCF I o 'LERAY A 'TION' o0 et GreSte
s ‘/

DATA l[?lSo.E'ALIO.OOSQOollo’IIJ.ltlivl

JCONT =0

¢
¢ REOQUVIRED INPUY PARAMETERS.

c
Q003 READ (S4)) TITLE
CALL STOIDV (*M5324-9050"'¢9+0)

1 FORMAT (2044}
READ (5.7020) TSoTLoTHMIN] e THAX) o YMIN YMAX

7020 FORMAT(8G1N,0)
READ (5.3020) 1CASETRISESTLVLeDURVADALFADIBETAD,1POW

3020 FORMAY (15,6F10.6e15)

v/
LIS ]

INVOrZ78EC
'Q. ..

Lot t

READ (S.126) DCLV.Ao-l.lll.vDAIP.NCVCLt-MPA.NKK.Nots.Nsdx.xocu

129 FORMAT (2F10,4e1104R15)
AGMXEAGMA®32,20]2,
4262 FORMAY (2F)10.4)

C
C FIRSY DAMPING VALUE MyuST RE ONE WHICH IS CYCLED ON,
C THE FIRST CuevE VALUE wiLL BE PLOTTED (RESPONSE SPECTRUM)

READ (5¢7020) (AMOR(T)o1uloNDANMP)
WRITE (6+¢2) TITLE

2 FORMAY (1M)o//7e2Xe20A&)
WRITE(6.30) DELY

30 FORMAT (/7T *TIME INCREMENT = ¢4F5,3)
IF (NKK,LE,O) GO TO 630)
CALL PLTX2(TSeTLeTONKK)
60 Y0 3

630) NKKm=NKK

c
C OPTIONAL INPUT PARAMETERS IF NxK 1S NEGATIVE.
g GwK 1S REQUIRED ONLY IF NGwX 1§ NEGATIVE
READ (5413) (TO(I)elm)oN%K)
READ (5,888) (GWK (NKK=Te]) o l8] oNKK)
READ (5:7020) N24ND
16 READ (5.6262) TCONC
IF (TC.GT.50.0) GO 10 %
00 9 Is) eNxK
1fF (llstvc-totl’).LT.0.000I) 60 10 1)
9 CONTINUE
60 Y0 14
1] GWK(NKKe]e])=GwC
60 70 e
§ CONTINUVE
IF (N2,€0,0) GO Y0 3
00 10 I=leN]
READ (5.7020) T01eT024RATIO

DO 10 JsleNKK
i1F ('°(J,05707°l0‘NDQ1Q(J’0LT.7°Z) GWK (NKKe Jo ) ) eGwK (NK

KeJel)O®RLY]O



10 CONTINVE
3 U0 €325 Je)eNKK
JeXRefol
y, FRO(I) =) /7011
LA WB(J) 86283277011
1r (TRINL.EQ.0,) TMIN)sTS
BL86.2632/7THIN)
IF (THAR).E0.0.) Tabax)ell
wS86.2032/770MAK)

HEND oo= THE HIGHESY FREO FOB GROUND H0TION

WBEGIN cca THE LOwESY F4EQ FOR GROUND MOTION

T FOLLOWING OPTIONS FOR COMPUTING wEND AND WRBEGIN Ay BF ELIMINATED
SINCE BETaL anND BETAS wavE BTEN DEFIVED INTERNALLY BY THE PROGRAM YO =%
of AND L0085 RESPECTIVELY

OO0

wEND22.0°WL
IF¥ ((5,008FTALYI0E.)1:0) EMDaEL2() oD ®BETAL)
WBECIN=ySe .S
iF (BETRL.LT:0,08) wWRAEGINagSe(le=2]0.°BETAL)
1F(fCaASE6T.1) GO YO &2
WRITE(6:]36)
136 FORHMAT (TRo1SHSTATIONARY CASE)
60 Y0 @
62 WRITE(6,138)
1356 FORMAT (TXSO0ANON=STATIONARY N INTENSITY BUY STATIONARY [N FREQ &P
JECTRUNM)
38 WRETE(S6.)108) AGMK
106 FORMAT (TR VERPECTED Mar19ui GRAUND ACC 39oF 7,200 TN./SEC./SEC. ")
. IF (MNRES.EQ.0) GO 7O 6022
GEAD (3:6262) (TEV(1)28VO(l)oln)NRES)
CALL POLATE (NRFS N oTSVeBYD.TOSY)
WRITE(6:107) TRISE,TLYL.JUR
107 FORMAT (TR 'TRIGE B0oF 7,20 TLFVEL 2%eF7,2¢¢ OURATION 80,F7,2)
HRITE (645016)
6016 FORMAT (/770))Re°0RIGINAL POWER SPECTRVMI//¢) 1R PERIANY oA K,
BIFREQUENCY ! o TR ISPECTRUM ' o J 2R 'RV 7/)
8022 (F (MOWK.EQ.0) GO 70 4240
17 (NGEX ,LT.0) GO YO 9703

OPTIONAL INOUT OF ORIGINAL POWER SPECTRUM IF wGEx (S POSITIVE
1F 7@ was READ IN PREVIOUSY FPOR Mxx NEOGATIVE. THIS OVERIDES POWER
SPECTRUM 'Guxe READ IN wiTHW *TQ¢,

OPTIONAL INeuT OF OFSIRED RESPONSE VYELUCITY GPECTRIM §F CvCLING 1S USED,

OO0

BEAD (5,6262) (WO(1)oAWRO(E) ofaloNOWK)
CALL POLATE (NOWR sNXK o0 o DEKO o ¥R GWK )
2703 DO 8011 la) ¢MNKK
JeRKKe el
GO (1) el (1)
B011 WRITE (6+%360) TO(1)oFRQ(I) o GWKH(J)

60 Y0 6007

OMM Te (DURCTLYLY /2,
BETa=AmOR(])
CALL BVOW (NKX B oOWROoSVeToBETAWIG:000.,6¢0,368:651M:uCPoQPIRR)
DO 6001 LiLL®] oNKK
LLishNKl oL LL®)

8001 WRITE(¢ 890 1)TOILLY) oFROILL L) oONRO(LLLD sRR(LLL)




A v bRl i e S SO
i

A W

VEI®E (AeB802) WCEPLQP

C QAT (Z7+10Ke" CENTRAL FREQUENCY wC ®  *4F10.3¢/7/7¢10Ke" DISPERSID

' $! PARAMETE® 0= *4F10,3¢/)

dze
327

28

— —

326
3

6008
6007

- @o - il e e

' 6v
8608

[ S )

6703

1116
b 1

laials

SET THE MAXIMUM VALUE OF SPECTRAL DENSITY FUNTION FOR PLOY
yvaxs 0,0

Of 327 1128 ) oNKK

1F (AMAX=GwKO(112)) 32643274227

KMAXSGwxD(]12)

CONT INUE

1F (AMAX=T70.,0) 329,32K,328

KLAI®SXMAX/Z)100,

NDUME (MFIX(XLAI)e*))®]00

KMAXSDFLOAT (NDUM)

60 YO 330

EMAXE70,0

CONTINUE ‘

CALL OGwPLOY (INKKo0o0) 0ebe000e0 s XMAXTe0WXO TITX TITLOWYTITL)
AREA=SGRY (GSUM) 7386 .4

WRITE(6.0008) AREA

FORMAT (Z11Xs*STANDARD DEVIATION OF PROCESS & * F7,4e! G151
1TOTALENDAMPONKK

Ixs(]1x/2)02¢)

DO SB85 NTOTAL®)NPA

WRITE(6460) 1X

FORMAT (110,/7710Xe'A NEW PHASE ANGLE SET WiITw SEED = *4110)
D0 B60E ]=)NKK

oWk (])=GwKo(])

CTLD

‘.I‘G'OQ

‘lﬁ“‘lﬂo

NFOs0

weWBEGIN

DELWEBF TASewW

weweDELW

CALL DUMMY (WeFOUTeNKK  WRIOWK yWu)

NFOENFQe)

GWO INFQ)YsFNUT

FOINFQ) =W

DW (NFQ)=DELW

AREAGSAREAGGWG (NFO) ®DELY

SIGMSESIOME+GWD INFOQ) ONEL N WO W

IF (W.LY.WEND) GO TO «080

00 100 JICYCLE=1NCYCLE

W 1S LOWEST FREQUENCY REPRESENTED IN GROUND MOTION,

1F (JCYCLE.LE.)) GO TO 1116
.'t.ﬁ'Oa

MMs )

DO 6703 I=)NFO

wsfFQ(])

CALL DUMMX (WeFOUT oNKK WROWK yMu)
GuG (I eFOUY
AREAGSAREAGDW (1) OGWOI(])

DO 1117 1Ps)oNFQ

GWO (IP)sGWG(IP)®DW(IP) @2,
IFLICYCLE.GT.)) GO TO 8803

COMPUTE AVERAGE FREQUENCY AND PERIOD



G13wSeSIOMS/AREAD
WasSGRY (S16MS)
Taed.2032/vb

DEFINE SLOPES OF EwvELOPE

I (1CASE6BT.2) GO YO &
1F(TRISEGT.60) GO TO V3
fRiSEa0 ., 25eNUR
TavLeE0,
1F(JCASELFl) GO YO 7
FICle) . /7TRSE
F7C20e) /(DURTARISE-TLVL!
60 70 @
FYC120.9
FIC280,
6 wRITE(6e)16) WAoTANFO uBECIN.WEND
116 FORMAT (/710Ro*CENTRAL CTRCULAR FREQUENCY & ¢4Fif 40! RaDIANS/SEC,!
877100, °CENTRAL PERIOD o "olFB,6.% SECONDS?
$//710Re 'NUKAER OF PHASE ANOLES = 4195
8/7710R,°L00EST FREQUENCY IN OTION & *oF10.5,° RADTANS/SEC
$77108:4104EST FPREQUENCY IN MOTION & 'oF 10.S¢0 RANTANS/SEC.?)

COMPUTE RANDOM PHASE ANGLES

DO 31 1sl.nFO
fvejnes8539

i (lv.GE.0.) GO 70 32
fyejve2]676836670)

' 32 v Lely
YVILeYFL® . &0%566)3E-9
Paillied, 2832 YFL

31 IRe]Y

€
c ACCELERATION COWMPUTATIONS
€

8603 NACCOaDUR/DELT.1,000001)
IF (NCYELELELICYCLE) GO TO 9g0)
WRITE(6.9%67)
25467 voamav(!H!oﬁﬂo°P£P!OD°oalo‘FQEOUENCV°obﬂe"ow.S’Er@CENo'o%xo
ﬁ'DEQoQESPONSE°ob!o°CﬁL.n!§PDNSF°o?xo°DlFFEQENCE°o0ne'7INE0o//)
WRITE(6.9008) FCYCLE-TO(D)
0008 FORMAT(S0R.°CYCLE NUMBER °oJR2020R, 0L ONEST MODIFIERN PERIOD & ¢,
$F10.400 SECONDE?//)
2803 00 1116 xxajoNACCO
1116 ACCOH(KK)80D,

RCHEX=) 900

DO 32 LHMe)lNFQ

iF (GWO(LM) LTo0,0) WRITE (H03000) GO (LM oLY

GHO (LK) 2ABS (GWG (LW))

FORMAY (° GWO WEGATIVE, SOQUALS 99E10030% FOR LM OF 9,15)
AA2SORT (GUG(LM))

ALFABFQ(LM)2DELY

SINAESIN(ALFA)

cosSasCNg (AL LFa)

SNaSIN(PA(LM))

CHaCOS(PA (LM}

SNABSIn.2CNoCOSARSN

CNA=COSAOCN-5INAOEN

£CCG(2 mRAAOSMACALCH(2)




Do 12 KesdoNaCCH

T ORKLGE xCHEK) 60 TH B0)2
snW0aSNA

SnaednaoCHSACnAOSINA
EubeCnacCOsa-Sn005INA

60 70 )2

KCNEReRCHREX)0DO

oS IN(PA(LM) s (XRa))2aLFA)
CxaslOS (Pa(LM) e (EKe])oa L Fa)
ACCO(RX)eAAOSNAACCH (XK)

GPPLY INTENSTITY FUNTION @l79 FOUR DPTION
G0 YO (3003¢3003:32000:3007)05CASE
JFIBCASE-LE.)) GO 7D 18

YReTR]SE

80 Y0 19

1222,

DEFINE maRIMUM HEIOHTS IV TEams OF SLO0eCS

DO 16 xxe2 . NACEO

Tiv(RKe«])ODELY

iF (731.67.7R) 60 70 1§
FieffCloT]

80 T0 l1é

IFLICASE.LE.1) BO YO 28
IF((TieTleTLYVLIoBYs0s) G TO 29
Fielo

60 70 1¢
Fio)eco(VieTRaTLVLIOFTC2

COMPUTE ACCELEQATION

ACCO (KXY 2ACCO(RR)OFY
60 Y0 3011
D0 30086 KxaP NACCE
Tis(Rkx=))oRELT
FieAGo (FAP (cALFAD®T])=ERP(=BETRA0®TYY))
AC O (KK ) 2ACCH (X)) OF Y
60 70 3011}
D0 3010 Xxs 2«NACCOH
Tis(Rx=3 i oDELY
IFITI.CE.TRISE) ©O 70 3008
ALIARTALIEISRL D LI
60 70 2010
3008 IF (tV]eTLYL=TRISE) LT:0¢) GO 7O J00°
FIaEAP («ALFADS(TIoTLYL)Y)Y
60 70 3010
3009 FV8j.0
3010 ACCOIXK)mACLH(RK)OFY
3003 COMTINUE
g
C COMPUTE ®ax GROHUND ACC BEFORE BASELINE CORRECT(OW
£
20 amManIx=h,
DO 000 lemjNACCO
IFLABS(ACEO (1) oL T ABSLAMARIM) ) GO T9 5000
aAX IMeaCCo ()
THaxiMe (Jo) ) eDELY
5000 CONTINUE
i AR(YCLE BT, ICYCLE) GO YO 8506




WAITE(0.52n0) AMAE]M,THAR]M
3200 FORMAT ()M o//70l0Retman, AQCCEL. BEFORE CORRECTION' F12.,8//
g0 BY TINE F12:5/77)
' 8504 T1s=DELT®0,5

.JUSTXVV ACCO TO ZERO FiwblL WELOCITY

9E75‘8°0

SETAZ.OO

BEY43a0,

vELeD,

DO 4300 1Zs),NACCO

VELBVELACCG(I2)ODELY

TiaT)oDELY

BETAlsBETA)oVELO2T])

BETARoBETAZoVEL®T)OT]
BETAleBEValeyELoTioT)OT)
BETAlaBETALeDELTZ7(T T 2T])

B TA2sBETRL2eDELTZ(T)27 eT)eT))

B TaldeBETa3eDELT7(T107)2T)eT 107))
C12300,°8E72)=900,2BE742°630.98E74)
C2o(=1800,°8E72105760,085742-6200,28E5T23)/7)
CI=(1BR0-°BFTA) =6300.0BFTA206T725,0BETA) /(7127
D0 ©310 §ZeloNACCO

Fia(iZ=3)9DELY
ACEG(12)macCB(12)=Cl=CReT]=CY0T7]T]

GEY maz GROUND ACC

GAMX=ACCG ()

yEL=0,

vaMx=p,

DisPe=0,

DHMARSD,

LLled

GoMxeABS (Gamx)

DO $9 LL=2.NACCO

GAMY=ARS (ALFCOILL)Y)
VELSVELoACCOILL) ®DELY
D16P=DIEPoVEL®DELY
DaAMY2ABS (DISP)

vaMY=ABS (VEL)

IF (DaMy.LF.-DMa%) O TO S2
DHARSDANY

iF (VaKyY.LE.VAMK) GO YO %6
YAMKEYAMY

1P (GAMY LE,6AMX) GO TO S9
GAMEBGAMY

LLisby

CONT INUE

NO SCALING OF THE ENTI®F TI®E HiSTORY IS DONE BUY PEAxS APE ADJUSTED

iN ORDER Tn =avE ONLY ONE PEax EQuaL TO THWE SPECIFIED max GROUND ACC
T77208S (CAMX/AGMI)

IF(TTTLEsl1ed GO TO 1912
PO 111 =xla)NACCO
DaR=ARS (ACCO(X]) I =A0MR
iF(DAR,LE.D,) GO YO 111
ACCO (K) ) =ReCOIXY)ZTTT
CONT 'NUE

60 7' 1113




! ACCHILLY) EACEO (LLEY ZTTY
-4 GLﬂKBGGﬁl/NBQeé
L [MeNDANMP

IF (I1CYCLELT.NCYCLE) Lik=])
CHECK ACCO NaMENSIONS

JERENACCO 2,070 (NKK) ZDELT
iF (ICX,06E,8000) WRITE (6ed6) fCx

36 voamgr (v ACCG aRRay WOT ENOUGH FTOR NaCCGe?® (LARGESY PERTOL) /DY =
& 9019)

1F (1CK,GE.8000) GO YO @003
RESPONSE CALCULATION &aWh PLOTTING

CeLL sotcveo;vvmu.?ubeaccoow&ccooszv.?eeN««.amoa.tlﬂi
17 (1PEW.ER.0) 60 TO 3§

WRITE (727 ICYCLE

goRMAY (6wx FOR CYCLF el d)

wR1vE (7.8808) (BYX (NXKajel) olel oNKK)

FORMAY (6F13.])

CONT INUE

1F (NEYELEoLELTCYCLE) 6O 70 &6

eveL ING PROCEDURE wHiICH @ODIFIES G(W) TO SWOOTHEN THE CALRULATED
RESPONSE SPECTRUM

3UN9OS s 0,
SUMNEG @ 0,
DO &) Jal oKX
AMULTeSy LT ZPLTVER (11D
Ra7108 & 438 (1./7aMULTI®100,
PERCEN(]) = Ra7108 = 100.
WRITE (6.8901) ?O(ﬁ)eVQO(l)oOuK(Nxxel°3vo§V(x)°PL1vNR(1.ﬂia
® PERCEN(T) «THD(1ald ol
a90) FORKAY (Bdhuo?l!o3boh!oflzolo' BlohNefi2307110)
RLLLGER D
10002 ANEWOXK(Y) = GUK (J) @MYL TEAMYLY
AINCRM @ aNEwhK (J)oBWR (J)
17 (AINCRH BE.00) SUHPOY ® BUMPDSe AT NCRM
§F (AINCRM,LTY.00) SUMNEG @ SUMNEG=A1NCRM
&9 CONTINUE
7 ‘SUNNZBQLEo‘oE'ﬁ‘ 60 Y0 213
FACYOR ® SUMPDE/SUMNEG
wRITE (6010000) suavosesunnzsewacvoa
19000 Vo:ugtacilxoaoesunbos sioF12.3010Ne2SUHNEDG 80 ,F)2, 3010 'FACTOR &!¢
90‘0’
PO 211 lwjetiKK
213 GWKil) = ANE@OK(T)
60 70 100

OPTION THAT MAKES NO CHANGES IN POSITIVE INCREMENTS WMEN SUMNEG 13 Les [
THAN 1. R E «B

213 DO 214 Q®)oNEK
214 GWR(I]) & AWFEOX(T)
60 70 100

WRITE wARiuud RESPONSE VALUE




25

6l (TITE(6¢120)0AMKVAMX DMAX
120 FORMAT (*1¢//7)0K s MARTMUM GROUND ACCELERAYION & VoFb, 34 GrSY//
10K " MARKIMM GROUND VELOCLITY = Vofh, 30 IN/SEC, 2/
10X MARIMUM GROUND DI1SP ACEMENY tefFBedet INLYY/Y
$20%, " SIMULATED GROUND ACCELERATION'//)
0O 17 IsxleNACCH
17 ACCO(I)mACCH(]) 7306,6
WRITE (6,5203) (ACCO(1) o128l aNACCH)
§20) FORMAT (SH s 1S5FR6)
1F (IPCH.EN,D) GO YO 36
WRITE(T46111) (ACCG(T) o1l oNACCOH)
«111 FORMAT(AF9,S)
KOUNT=D
JK=0
WRITE (7+1) TITLE
WRITE (7¢22) NOAMP NXK
22 FORMAY (211 0)
WRITE (7¢13) (TQ(I)elm]NKK)
13 FORMAT (10FR,.&)
910] KOUNTEKQUNTe]
JuJKe]
JKE KB
IF (JK.LT.NACCG) GO TR 9103
JJENACCG*])
DO 9106 K= jJeJK
9104 ACCO(XK)=0,0
9103 WRITE (7¢301) (ACCAH(T) [®JeJUx) o+ XKOUNT
30) FORMAY (BFQ,5.18)
IF (JK.LY.NACCG) GO TO 9101
TEMPESS,
KOUNTEXKOUNTY )
WRITE (79102} TEMP (XOUNT
9102 FORMAT (FQ,6463X¢1IM)
36 CONTINUVE
DO 9012 LL=]1«NNAMP
WRITE 546838) AMOR(LL)
4535 FORMA! (IM1e* DAMPING 80 oF8.,37770 X 'PERIOD 46X ' FREQUENCY
1 TRV OESPONSE o 6X *TIMEY //)
IF (1PCH.EQ.0) GO YO 37
CAMsAMORI(LL) * 100,
WRITE (7:9016) CaM
Q0146 FORMAY ('DAMPING *oFé,)e' PER CENTY)
WRITE (7eAAR) (PLTVMR(LL N oN&] oNKK)
Q015 FORMAT(10FA,.&)
37 CONTINUE
9012 wWRITE (696160’!(TO(KK).FRO(KK)oPLTVNl(LLoKK)oYMD(LLo(K)oKI)o
KKe] oNxK)
IF (NRES.E0.0) GO TD 100
WRITE(6,95A7)
DO 23 [s]oNKK
AMUL TSV (1) /ZPLTVMX 101}
RATIOS = ARS (1.7AMULT)*100,
PERCENI(]) = RATIONS = 100,
23 WRIYE(6,8901) YO(!).rao(l)oouxtﬁxx-xol$.SV(J».DLtvux(lol).
o PERCEN(I) «TMD(1e1) 0!
&)eh FORMAT(? 0 ,4Flb, bel10)
DO 21 11=).NDAMP
D0 21 JJ®) (NKK
21 PLYVMX(I]0 ) maBS(PLTVMX(ITe00))
NFCe?




DO 1000 JisioWnaup
Fe 1001 Ja) .l
00 81 (e Tyaa(lied)
pAKORsAMOR (1)
EaLl DIB2 (WFCoto)oDeNxmoTSoTL o VM N V™MARW)40do0000000Do"24%2,
BT0e8 eV TIRoTITRoTITYo300360360000,0ARAMOR)
Suth CONTINUVE
150 CONYINUE
608 CONYINUE
IF (WK 6T, AIGOTOL1AN
1000 CALL PLIND(XIKX])
gaLy Exyy
gnD
SURRDUTINE DUMMY (HoFOUT s YKK oD o BEX o 4%)
DIMENSION wA())eBEK(])
JAY et
IF (eeowB (JAY)) Bobo?
JAYeJAVe)
iF (JAY.LE . Wxx) BO 70 1}
FOUTeGE® (MNax)
S0 70 &
FOUTaGUX (JAY)
e JRY
60 70 &
wxe JhVe )
IF (M LE.0) §O T0 &
SLOPES (BWX (JAY ) =0WK (JAY=)) ) Z(WR(JAV)=oTR(JAYe]))
FOUTEGEX (Jav=))oSLOPE® (g=eB (JAY=]})]
CONY INUT
BETURN
gnND
SUBROUTINE SPECT (VMARTAGANDELPDoiPoDNR D)

SUBROUTINE FOR COMPUTATION DF SPECTRA FROM EARTHQUARKEF RECORD
DIGITIZED AT FOuAL TIME INTERVALS

DIMENSION vHAX (1003001 ¢TA(10:300)06A(S00))PD(300)DHMP (100
| B(2e¢2)eB(242)aTV (D) oX(3)46(2)
PO & J=ie1N

DeDHP (V)

0O & KsjolP

PaPD (X)

iF (PL7:.0,001) P2D,00)

Wed.2831854/P

CHOICE OF [NTERVAL OF INTEGRATION
DELP2P/10D,
LeDEL/DELPel ool .E~S
DELYSDELZL
COMPUTATION OF MATRICFS 4 &%D B
CALL PCNO& (NIWsDELTeAR)
inivTiavion
Rilysn,

Ri2)8i 4
D"Aia' o




[=!

Ows2.0ued

wzswee?
1082,00 /D€ Te) E=08

COMPUTATION OF RESPONSE

Li=h
] SLe(GA(TI*1)=0A(1) )7 L
DO S M=)l
Gll)® GA(T)eSL®(M=])
G(2)® GA(T) oS oM
TY(L)SAC)o) I OR (1) oA()e2)%Ki(2)eh()e))®0())=B()es2)%0(2)
TY(2)A(24))OR(1)oA(2:2)%R(2)=R(2:))%6())=B(20